ABSTRACT. In order to determine the sex of carcass remains of the Sika deer (Cervus nippon), we improved a polymerase chain reaction (PCR) technique for amplification of the Sika deer Sry, a male-specific DNA region on the mammalian Y chromosome. From the nucleotide sequence of the Sry region obtained here, PCR primers, MT1 and MT2, capable of amplifying a shorter Sry region were newly designed, and a microsatellite locus was used as a positive control. Using these primers, 96 of 109 sex-unknown fawns (88%, 96/109) were successfully sexed (46 males and 50 females) regardless of the conditions of carcasses found in the field. The results and the methodology could greatly contribute to the study of the mortality pattern of the Sika deer population. -KEY WORDS: fawn death, PCR, sexing, Sika deer (Cervus nippon), Sry gene.
MATERIALS AND METHODS
Sample collection: Sika deer carcasses were collected in the forest located around Lake Akan in Hokkaido, Japan, in March and April 1996 and in 1997. This area is known as one of the biggest wintering areas of the Sika deer population in Hokkaido [5] . The time after death of each carcass was estimated as one week to over two months according to carcass conditions in the field, and 109 morphologically sex-unknown fawns were subjected to sex determination (48 samples in 1996, 61 samples in 1997). Small pieces (approximately 1 × 1 × 1 cm) of muscles, skins, or tendons from the carcasses were preserved in 70% ethanol in the field.
DNA extraction: In the laboratory, the tissues were sectioned (approximately 2 × 2 × 2 mm), and washed with STE buffer (0.1 M NaCl/10 mM Tris, pH 7.5/1 mM EDTA). DNA was extracted by the method simplified by Masuda and Yoshida [8] . Briefly, the homogenized tissues were incubated at 37°C overnight in 500 µl of STE buffer. The buffer contained final concentrations of 0.5% SDS and 0.5 mg/ml proteinase K. After incubation, DNA was extracted by a phenol/chloroform method. The extracts were applied to the following PCR amplification. The same extraction with no tissues was made for preparing a negative control template of PCR.
PCR amplification of Sry: PCR primers used for the longer Sry region of the Sika deer were RG4 (5'-GGTCAAGCGACCCATGAA(C/T)GCNTT-3') and RG7 (5'-GGTCGATACTTATAGTTCGGGTA(C/T)TT-3') [2] . As an internal positive control in the reaction, a
In eastern Hokkaido, Sika deer (Cervus nippon) populations have exploded during recent decades often bringing social problems such as crop damage and traffic accidents. The deer populations have also suffered from high mortality because of heavy snow and lack of forage during the winter. To understand the mechanisms of deer population dynamics, data on the sex ratio in their mortality is valuable. However, sexing of wildlife carcasses discovered in the field is often difficult because their sexual characteristics are destroyed by carrion eating animals and bacterial decay [1] . For yearling and adult deer, even when they lose the genital organs, it is easier to determine their sex from the morphological appearance of large bones such as the skull or pelvis. However, it is harder to morphologically sex deer fawns when their genital organs are lost, because their secondary sexual characteristics are very slight.
Generally in mammals, development into male or female is controlled by genes on the sex chromosomes. A Y chromosome-linked gene related to testis formation was presumed to code the testis determining factor (TDF) [9] , which is activated at some point during embryo genesis to commit the undifferentiated genital ridge to the testicular pathway. As a consequence of testis formation, subsequent hormonal production induces male sexual differentiation [4] . The sex determining region Y gene (Sry) was identified as a TDF-coding gene [3, 11] , and it is conserved commonly on mammalian Y chromosomes [2] .
In the present study, a method of sexing from carcasses was improved by using newly designed primers for PCR amplification of the Sry gene. microsatellite locus BOVIRBP was amplified with primers, BOVIRBP-A (5'-TGTATGATCACCTTCTATGCTTC-3') and BOVIRBP-B (5'-GCTTTAGGTAATCATCAGATA GC-3') [10] . It was confirmed that this locus is not sexlinked in the Sika deer.
PCR reactions were performed in 50 µl mixture containing 3 µl of the DNA extract, 37 µl of dH 2 O, 1.25 U of rTaq polymerase (Takara), 5 µl of 10 × reaction buffer, 4 µl of 10 mM dNTP, and 1 µl of 25 pmol/µl for each of the above four primers. The reaction [94°C for 1 min; 55°C for 1 min; 72°C for 1 min] was repeated 35-40 times, and the completion reaction was made at 72°C for 10 min using a Thermal Cycler Model PJ 2000 (Perkin-Elmer). PCR products were electrophoresed on a 4% agarose gel, stained by ethidium bromide, and visualized under a UV illuminator.
Sequencing and PCR amplification of the shorter Sry region: PCR products were sequenced using a direct sequencing method [7] with some modification [8] . The 166 base-pairs (bp) of the Sika deer Sry sequence was determined in this study. Based on this sequence, we designed two new inner side primers MT1 (5'-GCTCTAGAGAATCCCCAAATG-3') and MT2 (5'-GCCTCCTCAAAGAATGGTCG-3') for amplification of the shorter Sry region (see Fig. 2 ).
RESULTS
PCR amplification with primers RG4 and RG7 was applied to all the samples collected in 1996. As a result, a partial region (216 bp) of the Sry gene was successfully amplified from morphologically identified males and some sex-unknown samples, while morphologically identified females and the other sex-unknown samples showed no amplification of the Sry gene (Fig. 1) . Amplification from the BOVIRBP locus (about 180 bp) as an internal positive control indicates the presence of amplifiable DNAs in the extract samples (Fig. 1) . Among 48 samples, 37 (77%) were BOVIRBP-positive, while the other 11 (23%) were BOVIRBP-negative due to possible degradation of DNA. From the 37 BOVIRBP-positive animals, 13 showed the Sry band to be identified as male. The remaining 24 BOVIRBPpositive/Sry-negative samples were subjected to the following amplification of the shorter Sry fragment, because the 216 bp region of Sry, which has a molecular size larger than that of the BOVIRBP fragment, was likely to be degraded even in some BOVIRBP-positive males. The 11 BOVIRBP-negative samples were also subjected to amplification of the shorter Sry region.
In human DNA samples, the Sry band amplified by RG4 and RG7 was positive in a male and negative in a female, while both samples had no BOVIRBP bands (Fig. 1) .
To design new PCR primers capable of amplifying the shorter Sry region, the amplified Sry region (166 bases without primer regions) was sequenced on three male deer. No sequence differences among individuals were observed. The Sika deer's Sry sequence was different from that of sheep [2] in eight bases and from that of humans [2] in 31 bases (Fig. 2) . In order to amplify a Sry region with a shorter molecular size than BOVIRBP, new primers, MT1 and MT2 were designed on the sequence (see 'Materials and Methods', Fig. 2) . Figure 3 shows the result of the PCR amplification using MT1 and MT2. The PCR products were electrophoresed at the expected molecular size (104 bp including primer sequences). This molecular size was smaller than that of the internal positive control, the BOVIRBP fragment (Fig.  3) . As expected, no amplification was observed on human DNA samples (Fig. 3) .
Of 24 BOVIRBP-positive/longer Sry-negative samples, eight were shorter Sry-positive and identified as male. Among the 11 BOVIRBP-negative animals, four were shorter Sry-positive. This result indicates an advance in the amplification with MT1 and MT2.
The PCR amplification with MT1 and MT2 was performed directly (on 61 samples collected in 1997). As a result, the shorter Sry was amplified from 21 of the 61 samples.
In the present study, we determined the sex of 96 (88%) individuals (46 males: 50 females) from a total of 109 sexunknown fawn samples collected in 1996 and 1997, while the other 13 samples failed in sexing due to possible degradation of DNA. 
DISCUSSION
In the present study, we determined a partial sequence (166 bases) of the Sika deer Sry gene using the PCR product, which was amplified with RG4 and RG7 primers. From this sequence, at the inner sides of RG4 and RG7, we designed the new deer Sry specific primers MT1 and MT2. These new primers successfully amplified the shorter Sry sequence, even from 12 males on which Sry was not detected with RG4 and RG7. However, 13 samples (12%, 13/109) failed in sexing even with the new MT1 and MT2 primers. Because these samples were obtained over a month after death, their DNA might be highly degraded in the tissues.
Although sex differences in winter mortality were reported in some deer species [6, 12] , it has not been clear in the Sika deer population in Hokkaido. It is often hard to Fig. 3 . Sry amplification with primers MT1 and MT2. The sample numbers refer to those in Fig. 1 . Deer-specific Sry fragments at 104 bp are observed on the male (lane1) and four sex-unknown samples (lanes 3, 5, 6, and 7). M, molecular weight maker (ØX 174/HaeIII). The shorter Sry fragments were seen in the two samples (lanes 6 and 7) which showed no amplification of the longer Sry region by RG4 and RG7 (Fig. 1) . Fig. 2 . Alignment of partial nucleotide sequences of the Sry genes from the Sika deer with the primers RG4 and RG7 and those of human and sheep [Griffiths and Tiwari, 1993] . The nucleotide sequence data of the Sika deer Sry gene will appear in the DDBJ, EMBL, and GenBank nucleotide sequence databases with the accession number, AB004667.
Dashes denote an identification with nucleotides of the Sika deer sequence. Newly designed primers, MT1 and MT2 regions are also shown.
morphologically determine the sex of fawn carcasses, because the genital organs are often destroyed by carrion eating animals and by bacterial decay. Our results from the Sry analysis suggest a nearly equal sex ratio (46 males: 50 females) in the winter mortality of the deer population. This result in the sex ratio is supported by a field survey of morphologically sex-known carcasses and the mortality pattern.
The method improved in the present study could greatly contribute to the understanding of mortality in the dynamics of the Sika deer population.
